The effect of energy-band structures on the transverse magnetoresistance in degenerate semiconductors has been studied for the case where acoustical phonons are the dominant scattering mechanism. The calculation has been performed taking into account the inelasticities in the electron-phonon scattering due to the finite energy of the phonons involved. Results show that the transverse magnetoresistance for the nonparabolic band structure is enhanced much more considerbly than that for the parabolic band structure. We also found that the transverse magnetoresistance for both parabolic and nonparabolic band structures oscillates with the dc magnetic field owing to the degeneracy of the electron gas. However, the number of oscillations for the nonparabolic band structure is larger than that for the parabolic band structure.
I. INTRODUCTION
Transverse and longitudinal magnetoresistances are the two most commonly investigated properties of semiconductors in which the effect of the dc magnetic field on electronic transport properties is exhibited. Arora' found that the transverse magnetoresistance changes dramatically with inelasticity, while the longitudinal rnagnetoresistance remains essentially unchanged. Consequently, inelasticity may be expected to play an active role and should be included for the electronic transport in the transverse configuration. Some experimental results for the inelastic scattering mechanism show that the transverse magnetoresistance depends strongly on the dc magnetic fie}d. 2 The transverse magnetoresistance for nondegenerate semiconductors with the isotropic parabolic energy bands has been investigated for the case where acoustic phonons are the dominant scattering mechanism. ' lt was shown that the transverse rnagnetoresistance increases with the dc magnetic field in the quantum limit. Arora et aI. also discussed the behavior of the strong-field magnetoresistance under conditions where the acoustic phonon scattering in the high-temperature limit is considered to be the dominant mechanism of scattering. They found that the transverse magnetoresistance increases linearly with the dc magnetic field in the quantum limit. In our previous works, the effect of nonparabolicity on transverse magnetoresistance in nondegenerate semiconductors has been studied for the inelastic scattering of acoustic phonons. We found that the nonparabolicity of the energy-band structure changes the effect of the temperature on the transverse magnetoresistance besides the enhancement of its magni- Hp(1+ Hp/Eg) 4-""=(1/2m")
where b"=1 +2(n +T~}t,/Eg. When (n + +t'kz/2m' « Eg, the energy eigenvalues reduce to those obtained using the parabolic model for the band structure = E-""(1+ E-""/E ) 0 -"" Ek"=(n + z )tcu, +t k, /2m' (5) where E~i s the energy gap between the conduction and valence bands, m" is the effective mass of electrons at the minimum of the conduction band, and E-""is the true energy of the system, defined by HOW k "=E-k"0-k".The eigenfunctions and eigenvalues for Eq. (1) are given by 9'k 
However, when the dc magnetic fields come into the high-field region, the energy levels of electrons are quite different from those predicted by using the parabolic model.
For the scattering due to acoustic phonons, the dissipative current lying in the direction of the total electric field is given by'" " le IL'vnt For acoustical-phonon scattering in semiconductors via the deformation-potential-coupling mechanism, the electron-phonon coupling constant is given by"" JC(q) J ,  where E1 is the deformation-potential constant, p is the mass density of the crystal, and v, is the sound velocity.
We employ the high-temperature approximation which is generally satisfied at the temperature where the acoustical-phonon scattering dominates, 3 "" then we have N, = ks T/tru, = ka T/fu, Jq J. Therefore, we obtain the expression for the dissipative current via the deformation-potential-coupling mechanism using the FerrniDirac statistics (10) - (12), the transverse magnetoresistance due to the deformation-potential coupling for the nonparabolic band structure can be obtained as seen that the transverse magnetoresistance for degenerate semiconductors oscillates with the dc magnetic field for both parabolic and nonparabolic band structures owing to the degeneracy of the electron gas. It can also be seen that the amplitudes of these oscillations will increase with the dc magnetic field. These results for degenerate semiconductors are quite different from those for nondegenerate semiconductors in which the transverse magnetoresistance increases monotonously with the dc magnetic field. " However, the transverse magnetoresistance for the nonparabolic band structure oscillates more strongly than that for the parabolic band structure. Askerov et al.~discussed the effect of the inelasticity of
I scattering and nonparabolicity on the magnetoresistance in n-type InSb for the ultraquantum limit with the quantum number n =0 in strong magnetic fields.
But this could not be a good approximation for degenerate semiconductors in which the distribution function of electrons is represented by the FermiDirac statistics. Since the effective mass for electrons in an energy level of the nonparabolic band structure with the quantum number n is m'b", the effective mass of electrons defined by m'b"will depend strongly upon the dc magnetic field. Therefore, the transverse magnetoresistance for the nonparabolic band structure is enhanced much more than that for for the parabolic band structure owing to the degeneracy of the electron gas, gives a significant contribution to the scattering rate of phonon emission and absorption processes. As the magnetic field increases, the quantum numbers Mand P in Eqs. (13) and EF, the transition quantum number P will thus increase with the electron density. Therefore, the number of oscillations with the magnetic field increase with the electron density. However, the amplitudes of oscillations in the transverse magnetoresistance for the nonparabolic band structure are enhanced as the electron density decreases. This kind of quantum oscillation can be interpreted as the "giant quantum oscillations, """ which occur in a degenerate electron gas in the case when the electron level is near the Fermi surface and the sound wave vector q has a component along the dc magnetic field. These oscillations arise because the electrons in semiconductors interact with the acoustical phonons. 
